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(2) 应用具有空间分辨能力的扫描 Kelvin 探针、扫描微参比电极技术研究两
种焊接样品的微区耐腐蚀性能。结果表明，在大气环境下，两种焊接样品平均耐
腐蚀性能相似，母材区较焊缝区耐蚀性能好。同时，在不同浓度 FeCl3 溶液腐蚀
后，氩弧焊样品焊缝区的耐蚀性和钝化性能均较 CO2 保护焊样品焊缝区强。 
(3) 应用光学显微镜、扫描电镜以及电子探针技术分析氩弧焊和 CO2 保护焊
两种焊接工艺对 316L 不锈钢组织结构和元素成分的影响。结果表明，焊接样品
在焊缝区和热影响区的组织结构和元素成分均较母材样品发生了变化。这种改变
























After the Fukushima nuclear accident，the nuclear power plant materials and the 
equipment safety have attracted particular attention. 316L stainless steel has excellent 
processing properties, corrosion resistance as well as high-temperature anti-oxidation 
performance, and has been widely used in the primary, secondary and tertiary loops in 
the domestic pressurized water reactor (PWR) nuclear power plant. Most 316L 
stainless steel pipes are welded for construction and installation. Differences among 
the welding processes, such as heat output, the cooling methods and many other 
factors, will lead to changes in 316L stainless steel elemental composition, structural 
morphology and mechanical properties etc. Consequently, some of these changes 
make the welded joints and the heat affected zones susceptible to corrosion, which 
results in serious threats to the safety of nuclear power plants. Therefore, research into 
the steel weldment corrosion will contribute to extending the service life of nuclear 
power plant. 
Currently, the key techniques used in corrosion research are based on 
electrochemical methods. They can be broadly divided into traditional methods 
(anodic polarization curve, ac impedance spectra, electrochemical noise and so on) 
and novel methods (scanning micro-probe, scanning Kelvin probes and so on). In this 
work, we used various electrochemical methods combined with surface analysis 
techniques such as SEM (Scanning Electron Microscopy), EMPA (Electron Micro 
Probe Analysis) to study the corrosion behaviors of stainless steel weldment samples. 
Furthermore, a reference electrode array was fabricated for rapid in-situ detection of 
corrosion. The main results and progress of this work are as follows: 
1. The corrosion resistance of the MIG and CO2 arc welded and base material samples 
was studied in different solutions by Potentiodynamic anodic polarization and EIS 
(Electric Impedance Spectroscopy). The corrosion resistance decreased after welding. 
















welded samples when the Cl- concentration was low. On the other hand, the corrosion 
resistance of the MIG welded samples was superior when Cl- concentration was 
high.The concentration of ClO- also affect the corrosion properties of SS316L 
2. Using novel electrochemical techniques such as scanning Kelvin probe, scanning 
micro-reference probe, we measured the potential distribution of the weld SS316L. It 
was shown that the corrosion resistance of welds made by the two welding procedures 
in atmospheric environment was similar. At the same time, the corrosion resistance 
and passivation performance of the MIG welded samples were better than those of the 
CO2 arc welded samples in different concentration of FeCl3. 
3. Using optical microscopy, SEM and EMPA, we studied the changes in the 
micro-structure and elemental composition of SS316L weldment samples made by 
MIG (Metal Inert Gas) and CO2 arc welding procedures. We found that the 
micro-structure and elemental composition in the welded zones changed after the 
welding. This usually reduces the corrosion resistance of SS316L.  
4. A reference electrode array had been developed to in-situ monitor the corrosion 
resistance of the welded samples. The results indicated that reference electrode array 
was able to predict the local corrosion potential distribution. However, it has some 
deficiencies at this early stage of development, such as low spatial resolution and 
complicated fabrication process, which needs further studies and improvement. 
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